White-coat hypertension (HT) and masked HT can be identified by home blood pressure (BP) measurement. The prevalence of these subtypes and the associated risk of cardiovascular disease have not been fully investigated among Japanese hypertensive patients. The risk of cardiovascular events due to HT and its relationship with home BP measurement were examined among Japanese hypertensive patients receiving treatment in the Japan Hypertension Evaluation with Angiotensin II Antagonist Losartan Therapy (J-HEALTH) study, a nationwide prospective observational study. Both home and clinic BP were measured during treatment, and the occurrence of cardiovascular events was monitored in 4,596 Japanese patients (mean age of 60.8 years, 43.2% men, and mean follow-up period of 3.5 years). HT was defined as a systolic BP ≥140 mmHg for clinic BP and ≥135 mmHg for home BP while on treatment. The relative risk of all cardiovascular events and stroke increased along with higher clinic and home BP levels during treatment. The prevalence of white-coat HT, masked HT, well-controlled HT, and poorly controlled HT was 12.6%, 19.5%, 23.8%, and 44.1%, respectively. The relative risk of cardiovascular events was not significantly increased in the poorly controlled HT (relative risk [RR]: 2.05, 95% confidence interval [CI]: 0.77-5.45), white-coat HT (RR: 0.77, 95% CI: 0.15-3.96), and masked HT (RR: 2.00, 95% CI: 0.67-5.98) subgroups compared with the wellcontrolled-HT subgroup; however, the risk of masked HT was similar to that of poorly controlled HT. Monitoring both clinic and home BP is important to diagnose masked HT and to prevent cardiovascular disease in this subtype of HT. However, further investigation is required to fully characterize the cardiovascular risks associated with masked HT among Japanese patients receiving treatment. (Hypertens Res 2008; 31: 1903-
Introduction
The importance of blood pressure (BP) monitoring during antihypertensive therapy is widely accepted, and various studies have demonstrated that lowering BP reduces the risk of stroke and coronary events (1) (2) (3) . In addition, multiple BP measurements in an individual have been shown to be superior to a few clinic BP measurements for estimating future cardiovascular morbidity and mortality (4) (5) (6) (7) . Numerous problems with clinic BP measurement have been identified, including the phenomenon of isolated clinic hypertension (HT), or so-called "white-coat hypertension" (8) . Accordingly, ambulatory BP (ABP) monitoring and self-measurement at home are important tools for the optimal management of HT with respect to the assessment of cardiovascular risk (9) . Another benefit of ABP and home BP measurement is the detection of isolated ambulatory/home HT, or "masked hypertension" (10) . The potential impact of white-coat HT and masked HT on cardiovascular events is very important when considering therapeutic strategies for individual patients.
The Japan Hypertension Evaluation with Angiotensin II Antagonist Losartan Therapy (J-HEALTH) study was initiated in 2000 as a large-scale observational study of losartan therapy involving 30,000 patients. It has already demonstrated that losartan-based antihypertensive therapy is effective in controlling the BP in general practice in Japan (11) .
Since a large-scale analysis of home BP data has not yet been conducted in Japan, direct evidence on the value of home BP measurement for predicting future cardiovascular events is still lacking (12) . Although ABP data show better prognostic accuracy, the American Society of Hypertension (ASH) Ad Hoc Panel recommends the use of home BP information for screening. Self-measurement of BP at home has several advantages over ABP monitoring, such as the likelihood of obtaining a greater number of readings because of the ease of the procedure. In addition, self-measurement may increase compliance with antihypertensive therapy, and it is less expensive than ABP monitoring (13, 14) . Self-measurement also enables patients to assess their own BP management (15, 16) . In the J-HEALTH study, we obtained home BP data from 4,596 patients who agreed to perform self-measurement. We used their data to investigate the prevalence of white-coat HT and masked HT, as well as the relationship between clinic BP and home BP during treatment and cardiovascular events in the J-HEALTH cohort.
Methods

Patients
The eligible patients in this study were hypertensive men or women aged 20 years or older who had not taken any antihypertensive agents within the previous 1 month. Patients who had previously been treated with losartan were excluded. Patients who had suffered a stroke or myocardial infarction (MI) within the previous month and patients who had severe hepatic disease, other severe diseases (malignancy or serious renal impairment), or serious viral infection were excluded. Pregnant or lactating women were also excluded. Any other patients who were judged by the investigators to be unsuitable for this study were also excluded. Each patient was informed of the purpose and methods of the study, as well as the measures employed for the protection of their privacy, before they were enrolled. Patients gave verbal informed consent and then underwent a complete review of their medical history, physical findings, and laboratory data. A total of 26,512 patients were used for analysis of the relationship between BP and cardiovascular events in the J-HEALTH study (17) , and the 4,596 patients from that cohort who performed home BP monitoring during the study period were utilized for the present analysis. The design and methods of the J-HEALTH study, as well as the characteristics of the subjects, have been described in detail previously (17, 18) .
Treatment
Patients were initially treated with the dosage of losartan approved in Japan, which is a single daily dose of 25-50 mg, usually in the morning. The dose was increased to a maximum of 100 mg once daily, if necessary. The addition of other antihypertensive agents was allowed beginning at 3 months after the start of losartan therapy, if required. A target BP value was not set in this study, and no restrictions were placed on the treatment of complications.
The clinic BP was measured every 3 months, and standard laboratory tests were performed every 6 months.
Clinic and Home Blood Pressure Measurements
Given that this study was conducted during daily medical practice, the clinic BP was measured according to the usual methods of each institution; no recommendations or training were provided with respect to measurement of the clinic BP. Clinic BP was measured a maximum of three times prior to starting losartan therapy, and all available data were used for the calculation of the mean baseline clinic BP. After the start of losartan therapy, the clinic BP was measured every 3 months, and a representative value was recorded at the discretion of the attending physician.
The home BP was measured by patients who agreed to monitor themselves. Participating subjects generally used an electronic automated sphygmomanometer based on the cuffosillometric principle (HEM-740A; Omron Healthcare Co., Ltd., Kyoto, Japan) but were allowed to use other devices already being used if the patient insisted. Patients were asked to measure their BP while at rest in the sitting position once every morning just after waking and urinating. The home BP was measured once at each scheduled time of measurement. If the patient measured the BP twice or more, the first value was reported. All home BP data obtained prior to starting losartan therapy were used for the calculation of the mean baseline home BP value. Morning home BP values were measured each month, usually on the day of a hospital visit and reported to attending physician by the patient.
Clinic and home BP data thus obtained during treatment were used for the analysis of the relationship between BP and cardiovascular events. For sub-analyses that assessed the risk of masked HT or white-coat HT, both clinic and home BP data upon receiving 6 months of treatment was used.
Evaluation of Endpoints
The endpoints of this study were cardiovascular events, including fatal or non-fatal stroke (new or recurrent cerebral hemorrhage, cerebral infarction, transient ischemic attack(s), or subarachnoid hemorrhage detected on the basis of typical symptoms and computed tomography/magnetic resonance imaging findings), fatal or non-fatal MI (new or recurrent and detected on the basis of typical symptoms, and elevation of cardiac enzymes), and sudden cardiac death (defined as a death within 1 h of the onset of chest pain, including shortness of breath/syncope and death not considered to have any causes apart from coronary artery disease, occurring within 24 h after the onset of acute symptoms). Death within 4 weeks after an MI was defined as death due to MI. The independent event assessment and classification committee reviewed each endpoint event on the basis of the information documented in the case report form by the study investigators.
Statistical Analysis
Variables were compared by the t-test and the χ 2 test. Results were expressed as the mean±SD, and differences were considered statistically significant at p< 0.05.
Statistical analysis of the overall results was based on survival analysis. Subgroups were classified by their BP values during treatment. Relationships between the endpoints and the BP, as well as prognostic factors, were assessed with the Cox proportional hazards model, with adjustment for sex; age; a past history of diabetes mellitus, cerebrovascular disease, or cardiovascular disease; and smoking and alcohol consumption. Statistical analysis was conducted with the SAS software package (version 8.02; SAS Institute Inc., Cary, USA).
Results
Patient Characteristics
Of the 26,512 patients of the J-HEALTH cohort, a total of 4,596 patients performed home BP monitoring during the study period. Their characteristics are listed in Table 1 . The mean follow-up period was 3.5±1.3 years and 2.9 ±1.5 years for the patients who did and did not perform home BP monitoring, respectively. The mean age of the subjects with and without home BP monitoring was 60.8±11.7 and 62.5±12.1 years, respectively, and the mean clinic BP of each group was 167.1/95.9 and 165.6/94.5 mmHg, respectively.
Clinic BP showed a significantly greater decrease in the home BP monitoring group than in the group without home BP monitoring. The mean home BP was significantly reduced from 160.3/93.2 mmHg at baseline to 139.3/81.9 mmHg dur- ing the treatment period.
Incidence of Cardiovascular Events
Cardiovascular events were reported in 60 and 327 patients from the home BP monitoring group and the non-home BP monitoring group, respectively, and the crude incidence of cardiovascular events during the study was 3.75 and 5.21 per 1,000 patient-years, respectively ( Table 2 ). The incidence in each group was not significantly different after adjustment for sex; age; past history of diabetes mellitus, cerebrovascular disease, or cardiovascular disease; and smoking and alcohol consumption, using the Cox proportional hazards model.
Clinic/Home Blood Pressure and Events
The relationship between the clinic/home BP during treatment and the relative risk of cardiovascular events (stroke and MI combined) in patients who monitored both BPs is shown in Table 3 . The relative risk of all cardiovascular events and that of stroke increased along with increases in both clinic and home BP. The relative risk of all cardiovascular events was significantly higher for a BP ≥ 150 mmHg, compared with that for a BP < 130 mmHg, for both clinical and home BP measurements. In addition, the relative risk of stroke was significantly higher for a clinic BP ≥ 150 mmHg or a home BP ≥ 140 mmHg, compared with that for a BP < 130 mmHg. However, a clear relationship between the risk of MI and BP was not detected, probably because the event occurred in only a small number of patients.
Prevalence of White-Coat Hypertension and Masked Hypertension
Clinical guidelines recommend that the clinic BP be maintained at < 140/90 mmHg and the home BP at < 135/85 ..
mmHg (18, 19) . Table 1 shows that the difference between the baseline values for clinic and home BP was 6.8/2.7 mmHg, suggesting that a home BP < 135/85 mmHg is a reasonable target. Therefore, we categorized our patients into the following four groups, based on the clinic and home systolic BP values: well-controlled HT (clinic BP < 140 mmHg and home BP < 135 mmHg), masked HT (clinic BP < 140 mmHg and home BP ≥ 135 mmHg), white-coat HT (clinic BP ≥ 140 mmHg and home BP < 135 mmHg), and poorly controlled HT (clinic BP ≥ 140 mmHg and home BP ≥ 135 mmHg). The distribution of these categories varied during the study period (data not shown), so we assessed the BP at 6 months after the initiation of treatment because the control BP stabilized by 6 months in our previous study (11) . A total of 2,896 patients with BP measurements available at 6 months were included in the analysis of these four subgroups. Figure 1 depicts the distribution of these categories at baseline (left) and after 6 months of treatment (right). At baseline, 5.9% of our hypertensive patients had white-coat HT. After 6 months, 12.6% of the patients had white-coat HT and 19.5% had masked HT. Table 4 details the characteristics of each subgroup at baseline and during treatment. Patients with poorly controlled HT or masked HT were older, and a higher percentage were men. The baseline BP values were significantly higher in the subgroup with poorly controlled HT than in patients with wellcontrolled HT.
Risk of Cardiovascular Events in Patients with White-Coat Hypertension and Masked Hypertension
White-coat HT and masked HT were defined on the basis of BP values measured after 6 months for the 2,896 patients with BP data available at the time. Patients who developed cardiovascular events during the first 3 months were excluded from this sub-analysis, as these patients did not have available BP data at the 6-month mark. The relative risk (95% confidence interval [CI]) of cardiovascular events in the white-coat HT, masked HT, and poorly controlled HT subgroups compared with that for the wellcontrolled HT subgroup was 0.77 (0.15-3.96), 2.00 (0.67-5.98), and 2.05 (0.77-5.45), respectively (Fig. 2) . Possibly because the number of events was low, we did not detect a significant increase in the relative risk of cardiovascular t events in any of the three hypertensive subgroups compared with the reference subgroup (well-controlled HT). The incidence of cardiovascular events among the well-controlled HT, white-coat HT, masked HT, and poorly controlled HT subgroups was 2.04, 1.56, 4.41, and 4.55 per 1,000 patientyears, respectively. Although the relative risk did not differ significantly among the four subgroups, a higher incidence was noted in the masked HT and poorly controlled HT subgroups.
Discussion
This study demonstrates the importance of measuring home BP among hypertensive Japanese patients receiving treatment. Assessment of the clinical profile of the home BP group (n = 4,596) revealed a significantly higher baseline BP than that of the other patients, although they were significantly younger ( Table 1 ). This suggests that younger patients with more severe HT may be more interested in monitoring their own health. In fact, the follow-up period was longer and the rate of achievement of the target BP (< 140/90 mmHg) was higher in the home BP group as compared with the other patients. Since measuring the home BP was not mandatory in the J-HEALTH study, it was performed according to physician or patient preference. This may have led to the bias of home BP measurement being performed by physicians who managed HT more actively or by patients who were younger or who wished to receive the best treatment. Interestingly, the overall incidence of cardiovascular events was lower in the home BP measurement group than in the group without home BP measurement (3.75 and 5.21 per 1,000 patient-years, respectively), but there was no significant difference in the risk of cardiovascular events between the two groups. Although these results indicate that home BP measurement may not decrease the incidence of cardiovascular events, it is important to consider the potential biases in the analysis of its influence. As shown in Table 1 , there was a greater reduction of BP during treatment in the home BP group, suggesting that home BP measurement may be a useful tool for improving patient motivation and compliance.
Next, we analyzed the relationship between clinic/home BP during treatment and cardiovascular events. As shown in Table 3 , an increase in the home BP resulted in a higher incidence of cardiovascular events among the Japanese hypertensive patients who were being managed in daily clinical practice; the same consequence was observed for increases in the clinic BP. A similar relationship between clinic or home BP and stroke was observed, but the starting BP level associated with a significantly higher risk was lower in home BP than in clinic BP. In the Ohasama study, self-measured home BP was a better predictor of total mortality than clinic BP, and there was a strong correlation between home systolic BP and mortality (20) , but in the present study we could not demonstrate that home BP was a better predictor than clinic BP.
White-coat HT and masked HT are important problems in the management of HT, whether ABP monitoring or home BP measurement is performed. The Self-Measurement of Blood Pressure at Home in the Elderly; Assessment and Follow-up (SHEAF) investigators proposed a home BP of 135/85 mmHg as the threshold for normotension (21) , so a home BP of 135/ 85 mmHg should probably be considered to be the upper limit of normal (18, 19, 22) . Therefore, we defined a home systolic BP < 135 mmHg as normal in this study. Our data indicated that the prevalence of white-coat HT and masked HT after initiation of antihypertensive therapy was 12.6% and 19.5%, respectively. The prevalence of white-coat HT has been reported to range from 15% to > 50% (7, 8, 23, 24) , and it varies widely depending on the study population. With regard to masked HT, the prevalence was 9.4% among treated hypertensives in the SHEAF study (25) and 9.9% among the general population in the Pressioni Alteriose Monitorate e Loro Associazioni (PAMELA) study (26) . The prevalence of masked HT was 19.5% in the J-HEALTH cohort, which was considerably higher than that in the other studies. Figure 1 displays changes in the prevalence of white-coat HT and masked HT between baseline measurements and measurements after 6 months of treatment. These findings suggest that differences in the prevalence of masked HT may depend on the time at which patients are categorized after the start of treatment. Table 4 summarizes the characteristics of the well-controlled HT, white-coat HT, masked HT, and poorly controlled HT subgroups of the J-HEALTH cohort. The masked HT subgroup was older and had a higher percentage of men; these findings were similar to those of other studies (21, 25, 26) . The BP was significantly different between white-coat HT or masked HT and well-controlled HT, suggesting that a higher baseline BP is a risk factor for a high prevalence of white-coat HT or masked HT during treatment.
In the majority of trials using home BP measurement or ABP monitoring, white-coat HT has been compared with poorly controlled HT, and a worse prognosis has usually been found for the latter group (24, 25, (27) (28) (29) (30) (31) (32) . On the other hand, a recent study suggested that masked HT is associated with the same risk of cardiovascular events as poorly controlled HT (25) . Ohkubo et al. used ABP monitoring to demonstrate that the risk of cardiovascular events was significantly higher for Japanese subjects with masked HT or poorly controlled HT than for Japanese subjects with a normal BP (33) . We found that the overall cardiovascular risk associated with masked HT was similar to that for poorly controlled HT, as reported by other authors, but we did not detect a significant difference compared with the well-controlled HT subgroup.
Because the presence of masked HT seemed to indicate poor BP control, the use of home BP measurement to identify masked HT may contribute to improving the management of HT. The dispersion of clinic and home systolic BP values after 6 months of treatment was wide in the present study population (Fig. 1) , with hundreds of patients exceeding the target BP at home while being below the target clinic BP, or vice versa. We found that both masked HT and poorly controlled HT were risk factors for cardiovascular events. In these two subgroups, home BP exceeded the target level irrespective of the clinic BP, suggesting that the measurement of home BP may be important to identify patients with a higher cardiovascular risk. Although the clinic BP should remain the standard when assessing the efficacy of treatment for HT, the usefulness of home BP monitoring has also been supported by the results of the Treatment of Hypertension Based on Home or Office Blood Pressure (THOP) trial (13) .
The present study was not a randomized controlled trial but a prospective observational study supported by general practitioners in daily clinical practice. Although a large-scale observational study could provide valuable information about current management in general practice that is not available from conventional controlled trials, it has some limitations. First, this was not an intervention trial, and a target BP was not set in the study protocol, so the intensity of antihypertensive treatment probably varied among the participating patients. Second, home BP measurement was not mandatory and was performed only on the basis of physician or patient preference. This may have led to bias if home BP measurement was promoted by physicians who managed HT more actively or was adopted more often by patients who were younger or who desired the best treatment.
In conclusion, the prevalence of white-coat HT and masked HT was 12.6% and 19.5%, respectively, for hypertensive Japanese patients receiving treatment in the general practice setting. Cardiovascular risk was found to increase as the home or clinic BP became higher. Patients with masked HT can be detected by home BP measurement, and given that this group had a higher relative risk of cardiovascular disease than patients with well-controlled HT, the measurement of the home BP may be important for the management of such patients. However, there were no significant differences among our subgroups, so further investigation is required to fully characterize the cardiovascular risk associated with masked HT in hypertensive Japanese patients under treatment.
